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SUMMARY 
This appendix provides the additional information regarding the implementation of 
RS encoding on ADS-B Messages. 

 
 

 [Date] 
 
 



Reed Solomon Encoding of Message Payload 
  
The encoding is accomplished by means of a systematic RS 256-ary code with 8 bit code symbols (Bytes). 
The first parity symbol out of the FEC encoder is treated as the most significant symbol of the parity 
sequence. The parity check symbols are appended to the right end of the sequence of data symbols.  
 
The ordering of the Bytes is from MSB to LSB, left to right, as they enter and exit the Reed Solomon 
encoder, as is the ordering of the bits within each Byte (msb to lsb).  When treated as polynomial 
coefficients this is equivalent to transmitting the high order coefficient(s) first.  Since the systematic Reed 
Solomon Code is defined over the Galois Field GF(28), using the primitive polynomial [with binary 
coefficients, i.e., GF(2)] given as 
 
  p(x)  =  x8 + x7 + x2 + x + 1, 
 
all of the non-zero elements of the extension field GF(256) can be described as powers of  a root of p(x); 
that is, for α such that p(α) = 0, the nonzero elements of GF(256) are given as αm, for m = 0, 1, 2 ……254 
(where α255 ≡ α0 = 1).  For example,  
 
  α8  ≡  α7 + α2 + α + 1   =  (1,0,0,0,0,1,1,1)   as a binary 8-tuple (Byte). 
 
To complete the description of the extension field elements, the “zero” element (additive identity) is 
denoted as  0  = (0,0,0,0,0,0,0,0).  
 
The generator polynomial for the Reed Solomon codes is given as  
 
            P 
   G(x)     =  ∏ (x – αi ) 
      i=120 
 
where P = 131 for RS(30,18) and P = 133 for RS(48,34) codes used for two ADS-B messages. 
 
 
 Reed Solomon Encoding of Basic Type 0 ADS-B Message Payload 
 
The generator polynomial for the RS(30,18) Reed Solomon code is given as  
 
G(x)  =  x12  +  α76x11  +  α66x10  +  α157x9  +  α28x8  +  α92x7  +  α220x6  +  α88x5  +  α20x4  +  α145x3   

+ α50x2  + α56x  + α231 
 
Table 1 represents an example of a Basic ADS-B Message Payload with selected values for individual 
fields and the equivalent bit oriented representation.  Each data field from Table 1 is arranged in sequence 
as shown to depict the transmitted Basic ADS-B Message data sequence. 
 
   Transmitted Basic ADS-B Message Data Byte # 
 
MSB       1 2 3 4 5 6 7 
0000  0000 1111 1010 1010 0001 0010 0011  0101 0101 0101 0101 0101 0101 

  
8 9 10 11 12 13 14 

1100 0000 0000 0000 0000 0001 0100 0100 0010  1001 1001 0000  0000 1100 
 

15 16 17 18  
1000  0000 0011 0100  0000 0000 0100 0110  
              LSB  
 



Table 1. Example of Basic ADS-B Message Payload 
 
Data Field  Value Bit-Oriented Equivalent 
Payload Type Code 0  0000  
Address Qualifier 0 0000 
Aircraft Address FAA123 (HEX) 1111 1010 1010 0001 0010 0011 
Latitude(WGS-84) 60° N 010 1010 1010 1010 1010 1010 
Longitude(WGS-84) 45º W 1110 0000 0000 0000 0000 0000 
P Valid 1 1 
NUCp(or NIC)  4 0100 
(Res. for NACp) 4 0100 
TI(or BAQ) 0 00 
Air/Ground State 2 10 
V Valid 1 1 
North Velocity or Ground Speed 400 knots North 001 1001 0000 
East Velocity or Heading 100 knots East 000 0110 0100 
Alt.Type 0 0 
Primary Attitude 300 feet 0000 0011 0100  
Primary Attitude Rate +64 feet/minute 00 0000 0001 
NUCR(or NACV) 1 0001 
T Valid 1 1 
[Reserved] 0 0 
 
 
In generating the FEC, the ADS-B Message data bits are arranged into eight bit bytes assuming that the 
leftmost byte is the Most Significant Byte. The encoder accepts the 18 information symbols (Bytes) as 
 

   [ 0, α165, α124, α232, α84, α84, α84, α105, 0, α0, α143, α217, α209, α101, α7, α128, 0, α233 ] 
 
and generates the 12 symbols parity sequence 
 

    [ α0, α101, 0, α54, α94, α218, α90, α201, α194, α152, α89, α213 ] 
 
The parity sequence is then appended to the (right) end of the information sequence to complete the 30 
symbols Codeword for transmission (left symbol first).  
 
 
MSB   ADS-B Basic Message Payload Bits +  FEC Parity Bits 
0000 0000  1111 1010  1010 0001  0010 0011  0101 0101  0101 0101  0101 0101  1100 0000  0000 0000 
0000 0001  0100 0100  0010 1001  1001 0000  0000 1100  1000 0000  0011 0100  0000 0000  0100 0110 
0000 0001  0000 1100  0000 0000  0110 1110  0101 1101  0101 0010  1000 1111  0010 1000  0100 1001 
01011001  1000 0100  0010 1010 

                LSB 

 
 
 
Reed Solomon Encoding of Long Type 1 ADS-B Message Payload   
 
The generator polynomial for the RS(48,34) Reed Solomon code is given as  
 
 
G(x)  =  x14  +  α82x13  +  α49x12  +  α21x11  +  α70x10  +  α26x9  +  α140x8  +  α135x7  +  α138x6  +  α22x5  

 +  α64x4  +  α13x3  +  α39x2  +  α70x  + α241 

 
 



 

Table 2 represents an example of Long Type 1 ADS-B message payload (Basic ADS-B State Vector plus   
remaining MS (Mode Status) elements, and OC- ARV (On Condition - Air Referenced Velocity) report 
elements fields ) and the equivalent bit oriented representation.  
 
 
 
 Table 2.  Example of Long Type 1 ADS-B Message Payload   
 
Data Field  Value Bit-Oriented Equivalent 
Payload Type Code 1  0001  
Address Qualifier 0 0000 
Aircraft Address FAA123 (HEX) 1111 1010 1010 0001 0010 0011 
Latitude(WGS-84) 60° N 010 1010 1010 1010 1010 1010 
Longitude(WGS-84) 45º W 1110 0000 0000 0000 0000 0000 
P Valid 1 1 
NUCp(or NIC)  4 0100 
(Res. For NACp) 4 0100 
TI(or BAQ) 0 00 
Air/Ground State 2 10 
V Valid 1 1 
North Velocity or Ground Speed 400 knots North 001 1001 0000 
East Velocity or Heading 100 knots East 000 0110 0100 
Alt.Type 0 0 
Primary Attitude 300 feet 0000 0011 0100  
Primary Attitude Rate +64 feet/minute 00 0000 0001 
NUCR(or NACV) 1 0001 
T Valid 1 1 
[Reserved] 0 0 
Participant Category Code and 
Flight ID (Call Sign) 
Characters#1 and #2 

2AB  0000 1110 0001 1011 

Flight ID (Call Sign) 
Characters#3,#4, and #5 

CD1 0100 1101 0000 1001 

Flight ID (Call Sign) 
Characters#6,#7, and #8 

234  0000 1100 1111 1100 

Transmission Epoch (6 LSBs of 
12-bit MSO #) 

1250 (only 6 LSB is transmitted) 10 0010 

Res, for SIL 0 00 
Capability Class (CC) Codes 0 0000 0000 0000 0000 
Operational Mode (OM) Codes 0 0000 0000 0000 0000 
Emergency/Priority Status 0 000 
MOPS Version 0 000 
Secondary Altitude +100 feet 0000 0010 1100 
Heading Valid 0 0 
Heading. Reference 0 0 
Heading 0 0 0000 0000 
Airspeed Reference 0 0 
Airspeed 0 00 0000 0000 
 

 
 
 



Each data field from Table 2 is arranged in sequence as shown to depict the transmitted Long Type 1 ADS-
B Message data sequence. 
 

 
Transmitted Long Type 1 ADS-B Message Data Bytes  # 

 
MSB      1 2 3 4 5 6 7 
0001  0000 1111 1010 1010 0001 0010 0011  0101 0101 0101 0101 0101 0101 
  

8 9 10 11 12 13 14 
1100 0000 0000 0000 0000 0001 0100 0100 0010  1001 1001 0000 0000 1100 
 

15 16 17 18 19 20 21 
1000 0000 0011 0100 0000 0000 0100 0110 0000 1110 0001 1011 0100 1101 
 

22 23 24 25 26 27 28 
0000 1001 0000 1100 1111 1100 1000 1000 0000 0000 0000 0000 0000 0000 
 

29 30 31 32 33 34 
0000 0000 0000 0000 0000 1011 0000 0000 0000 0000 0000 0000LSB 

 
 
In generating the FEC, the ADS-B Message data bits are arranged into eight bit bytes assuming that the 
leftmost byte is the Most Significant Byte. The encoder accepts the 34 information symbols (Bytes) as 
 

   [ α4, α165, α124, α232, α84, α84, α84, α105, 0, α0, α143, α217, α209, α101, α7, α128, 0, α233, α107,  
          α49, α117, α205, α101, α58, α144, 0, 0, 0, 0, 0, α188, 0, 0, 0 ] 

 
and generates the 14 symbol parity sequence 
 

    [ α182, α195, α15, α21, α0, α165, α162, α147, α18, α116, α121, α19, α152, α249 ] 
 
The parity sequence is then appended to the (right) end of the information sequence to complete the 48 
symbols Codeword for transmission (left symbol first).  
  
 

MSB   Long Type 1 ADS-B Message Payload Bits  +  FEC Parity Bits           
0001 0000  1111 1010  1010 0001  0010 0011  0101 0101  0101 0101  0101 0101  1100 0000  0000 0000 
0000 0001  0100 0100  0010 1001  1001 0000  0000 1100  1000 0000  0011 0100  0000 0000  0100 0110 
0000 1110  0001 1011  0100 1101  0000 1001  0000 1100  1111 1100  1000 1000  0000 0000  0000 0000 
0000 0000  0000 0000  0000 0000  0000 1011  0000 0000  0000 0000  0000 0000  1011 1100  1001 0010  
1111 0100  0101 1111  0000 0001  1111 1010  1011 1101  1101 0101  0011 1011  1110 0101  0100 0101  
0111 0110  0101 1001  0101 1011 
              LSB     
             
 
 [Note:  Since the Message Length Indicator (MLI) has been eliminated from the ADS-B message structure, 
some explanation of how the decoder handles the 2 options should be included in the body of text in Section 
2.2.3  -- there was some suggestion that both code lengths could be tried on each received message, with 
the decoder accepting the result that makes the “most sense”.  An alternative could be to examine the first 
4 bits (Payload Type Code field) of either received message prior to inputting to the decoder, which is 
facilitated due to the systematic code structure.  It was my understanding that the AHA RS chip used the 
MLI to re-initialize the decoder (6 Bytes to re-init)- which brings up the question (possibly irrelevant) of “ 
what the chip does to the input data registers after a decode is completed” – does it reset them each to 0 ‘s 
or does it need a re-init?  This kinda responds to Ei Mon’s question as to whether zero padding is needed – 
my answer is “no”  due to the fact that all message fields will be sent/received for each message type but 



this may be incorrect.  Clarity is needed here since the generator polynomial is different for the short vs., 
long message since they have different parity lengths]  
 
[Should we include a Ground message example – my response is “No” especially since the post-
encoding/pre-decoding interleaving is well described in Section 2.2.  In fact it may be better to include 
only one example in Appendix C (e.g., the Long message) and eliminate the encoded Basic message 
example  -  not my call. Maybe the references should be repeated in this Appendix…….. J. Barrows]  
 
 
 


